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Abstract
Aim: Human development and agriculture can have transformative and homogeniz-
ing effects on natural systems, shifting the composition of ecological communities to-
wards non-native and native species that tolerate or thrive under human-dominated 
conditions. These impacts cannot be fully captured by summarizing species presence, 
as they include dramatic changes to patterns of species abundance. However, how 
human land use patterns and species invasions intersect to shape patterns of abun-
dance and dominance within ecological communities is poorly understood even in 
well-known taxa.
Location: Conterminous United States.
Time period: 2010–2012.
Major taxa studied: Passeriformes.
Methods: We analyse continental-scale monitoring data to study the proportional 
abundance of non-native and native synanthropic species within passerine bird com-
munities. Synanthropic species are those that benefit from an association with hu-
mans. We estimate how the amount and configuration of human development and 
agriculture relate to the degree to which human-associated species dominate pas-
serine communities across the continent.
Results: Human-associated species comprised the majority of detected passerine 
individuals across two-thirds of bird surveys. Non-native and synanthropic species 
responded differently to land cover and reached highest relative abundance in dif-
ferent portions of the continent. The proportional abundance of synanthropic birds 
increased rapidly with development, but was not related to the configuration of land 
cover. The proportion of non-native individuals was higher when intensively-used 
land cover was more aggregated.
Main conclusions: Even low amounts of intensively-used lands were associated with 
a dramatic reshaping of passerine communities, with consequences for patterns of 
relative abundance across the continent.
K E Y W O R D S
habitat fragmentation, habitat loss, land cover, non-native species, synanthropic species
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1  | INTRODUC TION
Urbanization and agriculture strongly impact biodiversity 
(Newbold et al., 2015), but some species, both non-native and 
native, thrive in human-dominated landscapes (Aronson et al., 
2014; Fischer, Schneider, Ahlers, & Miller, 2015; Tscharntke, Klein, 
Kruess, Steffan-Dewenter, & Thies, 2005). Non-native species re-
spond to changes in human land use patterns and can reduce native 
species’ richness and abundance through competition, hybridiza-
tion, and disease transmission (MacDougall & Turkington, 2005; 
Martin-Albarracin, Amico, Simberloff, & Nuñez, 2015). Native 
synanthropic species (Johnston, 2001) can be similar to non-na-
tive invasive species in that they expand their distributions with 
a growing human footprint (Essl et al., 2019; McCune & Vellend, 
2013). Together, non-native and synanthropic species contribute 
to biotic homogenization across space and time (McKinney, 2006). 
Those populations that have increased in abundance during the 
Anthropocene are as species rich as those that have declined 
(Dornelas et al., 2019), a pattern that can lead to stable local spe-
cies richness despite striking changes in community composition 
(Dornelas et al., 2014; Magurran et al., 2018). Combined with the 
recognition that a major facet of biodiversity loss is the declining 
population size of many native species (Ceballos, Ehrlich, & Dirzo, 
2017; Hallmann et al., 2017; Young, McCauley, Galetti, & Dirzo, 
2016), this has led to an increasing focus on monitoring patterns 
of organisms’ abundance over space and time (Hillebrand et al., 
2018). If community-level shifts towards human-associated spe-
cies are a global signature of biodiversity impacts, understanding 
the drivers of these species’ relative abundance within communi-
ties will be critical for assessing and managing the consequences 
of global change, including land conversion to urban and agricul-
tural uses.
Even common species, both native and non-native, are rare in 
most places where they occur (Brown, Mehlman, & Stevens, 1995; 
Hansen et al., 2013), and the resulting variation in abundance pro-
vides an opportunity to understand species and community-level 
responses to human modification of land cover. Human impacts 
on land cover are often characterized along two major axes: land 
cover composition, which reflects the amount of habitat, and 
land cover configuration, which captures patterns of adjacency, 
patch size, and isolation – features commonly lumped under the 
rubric of habitat fragmentation (Fahrig, 2003). Habitat quality is 
a third major axis, but is more difficult to quantify at broad scales 
(Johnson, 2007). While habitat loss is an undisputed driver of neg-
ative ecological impacts (Jantz et al., 2015), the effects of habitat 
fragmentation are a focus of ongoing debate. Specifically, studies 
that isolate the effects of fragmentation from those of habitat loss 
have often found weak or even positive ecological impacts of frag-
mentation (Fahrig, 2017). These findings have been controversial, 
and experimental studies have found support for negative effects 
of fragmentation on biodiversity (Fletcher et al., 2018; Haddad et 
al., 2015). Studies have also evaluated the consequences of human 
land use intensification, which is typified in a spatial analysis by a 
low diversity of land cover types, and is associated with declining 
organismal abundance and an increase in generalists over special-
ists (Benton, Vickery, & Wilson, 2003; Donald, Green, & Heath, 
2001; Gámez-Virués et al., 2015).
Bird communities exemplify how patterns of relative abun-
dance arise from species-specific responses to land cover (Flather 
& Sauer, 1996; Lepczyk et al., 2008), but the landscape drivers of 
compositional shifts towards human-associated species are poorly 
understood. Recent studies have highlighted the declining abun-
dance of common birds, a loss that is not captured by communi-
ty-level richness and diversity (Inger et al., 2015; Rosenberg et al., 
2019; Schipper et al., 2016). Non-native species comprise only about 
3% of urban bird species globally (Aronson et al., 2014), and only 
two non-native passerines, the European starling (Sturnus vulgaris) 
and the house sparrow (Passer domesticus), are widespread in the 
conterminous United States (U.S.). However, both non-native and 
native human-associated birds have higher relative abundance in 
agricultural and developed areas (Callaghan et al., 2019; Lepczyk et 
al., 2017). Compared with non-native species, the land cover asso-
ciations of native synanthropic birds have received little attention 
(Wood et al., 2014), and for both groups the roles of land cover 
composition, configuration, and diversity are unclear. Therefore, im-
proving our understanding of the conditions under which human-as-
sociated species dominate avian communities could provide targets 
for land use planners and land managers.
Our objective was to evaluate how land cover attributes were 
associated with the relative abundance of non-native and synan-
thropic passerines across the conterminous U.S. We hypothesized 
that amount of intensively-used lands would be the primary factor 
shaping the proportional abundance of these bird groups across 
large spatial extents (Flather & Sauer, 1996). Specifically, we pre-
dicted that both non-native and native synanthropic birds would 
increase in relative abundance with the proportion of land cover in 
developed and agricultural classes (Wood et al., 2014). Non-native 
and synanthropic species are widely regarded as generalist species 
(Ehrlich, 1986; Johnston, 2001), which may be relatively insensitive 
to the arrangement of land cover (Villard & Metzger, 2014). We 
therefore predicted weak effects of land cover configuration. We 
predicted that proportional abundance of both focal groups would 
increase with the diversity of land cover types within developed 
and agricultural classes, but could decline with diversity of natural 
and semi-natural cover types due to higher relative abundance of 
native non-synanthropic species (Julliard, Clavel, Devictor, Jiguet, & 
Couvet, 2006).
2  | METHODS
2.1 | Avian data
We analysed patterns of abundance of Passeriformes within the 
conterminous U.S. based on North American Breeding Bird Survey 
(BBS; Pardieck et al., 2017) data from 2010–2012. Each BBS route 
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consists of fifty 3-min counts arranged along roadsides at intervals 
of approximately 0.8 km. We focused on Passeriformes because 
they are a monophyletic group of diurnal landbirds within which 
non-native, native synanthropic, and native non-synanthropic 
groups are each represented across the conterminous U.S. We 
analysed a 3-year period of data to balance the trade-off between 
minimizing year-to-year variability due to sampling and unrelated 
variation in population sizes while maximizing survey route sam-
ple size. We centred the 3-year period on the data collection year 
(2011) for land cover information. We included standard routes 
that had been surveyed in all three focal years, had spatial in-
formation on the route path, and met BBS acceptability criteria 
(n = 1,649). These BBS filtering criteria identify routes with ac-
ceptable survey date, starting time, finish time, weather condi-
tions and observer skill, and serve to limit variation due to these 
factors (O’Connor et al., 2000; Robbins, Bystrak, & Geissler, 1986). 
We analysed data at the route level, summing avian counts across 
all stops within the route.
We defined non-native species as those whose expansion in 
the U.S. followed intentional human introduction and those that 
are thought to have naturally expanded their distribution into 
the U.S. from outside the country. The shiny cowbird (Molothrus 
bonariensis) was the only species in the latter category (Lowther 
& Post, 1999). Our definition of non-native excluded species 
that have expanded their range within the conterminous U.S. 
Individuals of five non-native species were represented in the 
data. We use the terms non-native and invasive interchangeably 
because European starlings and house sparrows comprised 99.9% 
of non-native individuals in our data (266,833 of 266,993) and can 
be considered invasive based on both their capacity to spread and 
to cause impacts.
Synanthropic species were defined based on Johnston’s 
(2001) review of studies documenting avian responses to human 
modifications within natural habitats and based on frequent use 
of human-provided food resources (Wells, Rosenberg, Dunn, 
Tessaglia-Hymes, & Dhondt, 1998). Specifically, we defined syn-
anthropic passerine species as native species categorized as full 
or casual synanthropes by Johnston (2001), or those that were 
on one or more regional Project FeederWatch top 25 lists within 
the conterminous U.S. for the 2010–2012 period (https ://feede 
rwatch.org/pfw/top25 ; last accessed December 2017). Kirtland’s 
warbler (Setophaga kirtlandii) was considered synanthropic by 
Johnston (2001) but was excluded to distinguish between conser-
vation-reliant and synanthropic species. These criteria were in-
dependent of land cover composition and configuration (whereas 
basing the synanthropic classification on an analysis of species’ 
abundances across landscapes would have introduced circular-
ity). Moreover, Johnston (2001) considered human modifications 
of natural habitats, drawing heavily from studies conducted on 
public lands, the vast majority of which we do not consider inten-
sively used. Similarly, FeederWatch sites are found across a gra-
dient of land cover types. We consider the resulting list of native 
synanthropic taxa (n = 65 taxa of 290 native taxa; Supporting 
Information Appendix S1) to be conservative, as these lists are not 
exhaustive and additional native species can tolerate or thrive in 
human-modified land cover types. Synanthropic species included 
several that have expanded their range within the U.S., such as 
house finch (Haemorhous mexicanus) and brown-headed cowbird 
(Molothrus ater), species exploiting human food resources, such 
as many Corvidae and Paridae, and species associated with early 
successional or disturbed habitat types, such as the horned lark 
(Eremophila alpestris).
For each route, we summed the count of non-native, synan-
thropic, and total passerine individuals detected across all stops 
over all 3 years. We defined the proportional abundance (i.e. relative 
abundance) of non-native passerines as the count of all non-native 
individuals detected divided by the total count of all passerine in-
dividuals detected. The proportional abundance of synanthropic 
passerines was defined as the count of all synanthropic individuals 
divided by the total number of native passerine individuals. Thus, 
non-native species were excluded from the definition of proportional 
synanthropic abundance in order to model these groups separately; 
our models and most visualizations excluded non-native species 
from both the numerator and denominator in our calculations of 
synanthropic proportional abundance. However, in Figures 1 and 2 
we visualize the proportion synanthropic of all individuals, so that 
the proportions across the three species groups sum to 1 for clarity. 
Unidentified individuals (0.05%; n = 1,723 of 2,957,981 total individ-
uals; n = 23 of 295 taxa) were included as these were identified to a 
taxonomic level (e.g. one of two potential species) that allowed for 
classification as non-native or synanthropic (Supporting Information 
Appendix S1). Our approach of first summing across years and then 
calculating a proportion did not substantially differ from averaging 
the proportion in each year (r > .99); our approach enabled us to also 
fit models assuming a binomial distribution (see below).
We focused our analyses on variation in proportional abundance 
beyond that which was explained by geographical variation in pro-
portional richness of non-native and synanthropic species. To do so, 
we summarized the proportional richness of non-native and syn-
anthropic passerines across space (Supporting Information Figure 
S1), excluding unidentified birds. Previous work has shown that 
both synanthropic richness and abundance increase with human 
development (Wood et al., 2014). However, species richness and 
abundance do not always vary in tandem, with studies of urbaniza-
tion suggesting species richness can decline even with increases in 
total abundance (Chace & Walsh, 2006; van Rensburg, Peacock, & 
Robertson, 2009). Conversely, stable richness can mask declines in 
species abundance and changes in species composition (Magurran et 
al., 2018; Schipper et al., 2016). We included proportional richness in 
our models (see below) so that our estimated relationships with land 
cover were interpretable as effects on proportional abundance after 
controlling for variation in proportional richness. This inclusion also 
accounted for variation in the composition of the species pool across 
the conterminous U.S.
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2.2 | Landscape metrics
We summarized land cover data from the 2011 National Land Cover 
Database (Homer et al., 2015). This land cover classification has pre-
viously explained spatial variation in avian abundance and diversity 
(e.g. Gutzwiller, Riffell, & Flather, 2015; Lepczyk et al., 2008). We 
defined intensively-used land cover types as those in the developed 
and cultivated crop classes (i.e. classes 21–24, 82; for definitions 
see: https ://www.mrlc.gov/data/legen ds/natio nal-land-cover-datab 
ase-2011-nlcd2 011-legend), and natural/semi-natural land cover as 
that in classes with the expected natural vegetation type or lower 
intensity human land uses (classes 41–43, 52, 71, 81, 90, 95). We 
characterized land cover within a 19.7-km radius circular buffer 
surrounding route paths (see Supporting Information for details 
and sensitivity analysis). This buffer radius was half the length of 
a survey route and was allometrically relevant for our focal spe-
cies, being approximately equal to the median (19.0 km; mean ± 1 
SD = 21.1 ± 7.5 km) of estimated maximum natal dispersal distance 
based on body mass (Sutherland, Harestad, Price, & Lertzman, 2000).
Surrounding each route, we calculated land cover composition 
(i.e. amount of intensively-used land cover), defined as the propor-
tion of land cover in intensively-used classes (Supporting Information 
Figure S2a). We measured diversity of land cover types within inten-
sively used classes and, separately, within natural/semi-natural land 
cover classes using Simpson’s diversity index with finite correction 
(Magurran, 2004; Supporting Information Figure S3). As a measure 
of land cover configuration, we used the clumpy index of aggrega-
tion (McGarigal, Cushman, Neel, & Ene, 2002) – hereafter, we use 
the terms configuration and aggregation interchangeably. Previous 
work has highlighted the clumpy index as a useful metric for as-
sessing habitat fragmentation in a manner not confounded by the 
amount of the focal habitat class in the landscape; it has been found 
to be weakly correlated with habitat amount and highly correlated 
with habitat interspersion for both simulated and real landscapes 
(Neel, McGarigal, & Cushman, 2004; Wang, Blanchet, & Koper, 
2014). We analysed the aggregation of intensively-used cover types 
(Supporting Information Figure S2b), which was positively correlated 
with aggregation of natural land cover types (r = .78). High aggrega-
tion corresponds to low fragmentation.
2.3 | Statistical methods
We estimated four models: (a) beta regression of the proportion of 
synanthropic individuals with our full covariate set, (b) zero-inflated 
beta regression of the proportion of non-native individuals with our 
full covariate set, (c) a change point logistic regression model of the 
proportion of synanthropic individuals in which the only covariate 
was the proportion of intensively-used land cover, and (d) a change 
point logistic regression model of the proportion of synanthropic 
F I G U R E  1   Most surveyed passerine communities across the conterminous United States were dominated by human-associated species 
(i.e. synanthropic or non-native). Each vertical bar represents a bird survey route, and routes are arranged along the x axis from a lower to 
higher proportion of human-associated species. More than half of all individual passerines were synanthropic or non-native species on 67% 
of survey routes [Colour figure can be viewed at wileyonlinelibrary.com]
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individuals with our full covariate set. The beta distribution was se-
lected because it has support for response values between 0 and 1, 
and hence is appropriate for modelling proportions. A change point 
regression approach was selected because it explicitly estimates the 
covariate value at which the relationship between the covariate and 
response variable changes (i.e. the change point), with a confidence 
interval surrounding the estimate.
Our covariate set included four landscape metrics (the pro-
portion, aggregation and diversity of intensive land cover, and 
the diversity of natural cover types), proportional richness of the 
focal group (non-native or synanthropic) on the route, whether a 
first-year observer (with potential lower detection probabilities; 
Kendall, Peterjohn, & Sauer, 1996) conducted the survey in any of 
the 3 years, and the Bird Conservation Region containing the route 
centroid. Bird Conservation Regions are areas of North America 
within which avian communities, habitats, and management issues 
are similar, and are used for collaborative conservation planning 
(Bird Studies Canada & NABCI, 2014). Bird Conservation Region 
was included to account for and estimate regional variation in the 
proportion of human-associated species, beyond that explained by 
landscape metrics. Our study encompassed 30 Bird Conservation 
Regions across the conterminous U.S. Previous work has shown 
that landscapes surrounding BBS routes are collectively similar in 
land cover composition to the Bird Conservation Regions in which 
F I G U R E  2   (a) Non-native, (b) 
synanthropic, and (c) total human-
associated proportions of the passerine 
community differed across the 
conterminous United States. Non-native 
individuals had higher proportional 
abundance in some regions (e.g. Midwest) 
but comprised a smaller proportion 
of the avian community compared 
with synanthropic individuals (scales 
are consistent across panels). Native 
synanthropic individuals accounted for 
the majority of all detected passerines 
at over half of survey locations. Human-
associated (non-native + synanthropic) 
individuals reached their highest 
proportional abundance in the Midwest 
and in portions of the Southeastern U.S. 
and East Coast [Colour figure can be 
viewed at wileyonlinelibrary.com]
(a)
(b)
(c)
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they are located (Veech, Small, & Baccus, 2012). All continuous 
covariates were standardized prior to model fitting. Collinearity 
among covariates was sufficiently low for inclusion of all variables 
within each model (maximum r < .6).
We modelled the proportion of synanthropic individuals on BBS 
routes with a generalized linear model assuming a beta distribution 
with a fixed dispersion parameter. We used a logit link function, and 
estimated the model in the betareg package (Cribari-Neto & Zeileis, 
2010) in R (R Core Team, 2018). Sensitivity analyses confirmed that 
estimated coefficients and predicted values were similar based on 
this model, a Bayesian implementation of beta regression, and lo-
gistic regression. The logistic regression was implemented such that 
the number of synanthropic individuals was the number of successes 
and the number of native non-synanthropic individuals was the num-
ber of failures; this yielded similar coefficient estimates but unreal-
istically small confidence intervals, presumably because of the much 
larger sample size implied by the number of individuals detected.
Our model for the proportion of non-native individuals assumed 
a zero-inflated beta distribution. Zero-inflation was included be-
cause the beta distribution does not support zeros, and on 169 of 
1,649 BBS routes no non-native individuals were detected. This 
model was estimated using the zoib package (Liu & Kong, 2018) in 
R, which implements Bayesian zero-inflated beta regression mod-
els via rjags (Plummer, 2016). We used a logit link and a diffuse 
normal prior for each regression coefficient; results were very sim-
ilar when using ridge-like shrinkage priors. We drew samples from 
three Markov chains, with 10,000 iterations per chain, a burn-in pe-
riod of 5,000 iterations, and a thinning period of five after burn-in. 
Mixing and convergence were assessed with trace plots, autocor-
relation plots and the potential scale reduction factor, implemented 
via the coda package (Plummer, Best, Cowles, & Vines, 2006). This 
model yielded very similar coefficient estimates (r = .99) and pre-
dictions (r = .99) as a beta regression without zero-inflation, fit in 
the betareg package, that was based on a transformation to place 
all response values within the (0, 1) interval (Smithson & Verkuilen, 
2006). Coefficient estimates from beta regression models were ex-
ponentiated (analogous to conversion to odds ratios in a logistic 
regression), and can be interpreted as the change in the ratio of 
proportions.
As the relationship between the proportion of synanthropic in-
dividuals and the proportion of intensive land use showed a nonlin-
ear pattern, we fit change point regression models to estimate the 
amount of intensive land use at which the slope of the relationship 
changed. Models assumed a segmented type of threshold, that is, 
one in which the relationship between the proportion of intensive 
land use and the proportion of synanthropic individuals was contin-
uous, with a change in slope (Fong, Huang, Gilbert, & Permar, 2017). 
We considered two models: the first contained only the proportion 
of intensive land use, while the second included a linear fixed ef-
fect of each of the other variables we considered in our beta re-
gression model of synanthropic proportional abundance. Change 
point models assumed a binomial distribution, where the number of 
successes was the number of synanthropic individuals, and failures 
were non-synanthropic native individuals. These models were im-
plemented in the chngpt package (Fong et al., 2017) in R.
3  | RESULTS
Most surveyed passerine communities across the conterminous U.S. 
were dominated by synanthropic and non-native birds (Figure 1). 
Synanthropic individuals comprised a median of 55% (0.25–0.75 
quantiles: 43–67%; range: 10–91%) of passerine individuals de-
tected on BBS routes. Routes on which over half of individuals 
were human-associated were distributed throughout the country 
(Figure 2). Non-native individuals comprised a smaller overall com-
ponent of passerine communities (median: 4%; interquartile range: 
1–11%) but reached high proportional abundance locally (max: 48% 
of detected individuals). There was considerable variation in the pro-
portion of each group within each Bird Conservation Region, with 
highest proportions of human-associated species in the Midwest, 
and generally lower proportions in the Southwest and portions 
of the Intermountain West (Figure 2 and Supporting Information 
Figure S4).
Landscapes with a higher proportion of land cover in intensive 
use categories had a higher proportion of both non-native and syn-
anthropic birds (Figure 3). Similarly, the diversity of intensive land 
cover types was positively related to the proportion of non-native 
and synanthropic individuals (Figure 4). Land cover configuration af-
fected the non-native, but not the synanthropic, proportion, with 
more aggregated intensive lands associated with a higher proportion 
of non-native individuals (Figure 3). Increasing proportional richness 
of each species group was associated with increasing proportional 
abundance (Figure 4). Diversity of natural and semi-natural land 
cover types had little effect on the proportion of non-native or syn-
anthropic individuals (Figure 4).
The proportion of synanthropic individuals increased steeply at 
low proportions of intensive land use (Figure 3c), a pattern that re-
flected shifts in the avian community with increasing development 
(Supporting Information Figure S5). The bivariate relationship be-
tween synanthropic proportional abundance and the proportion of 
intensively-used lands showed a change point (Figure 3c), with syn-
anthropic abundance increasing slowly at a higher composition of 
intensively-used lands, which were largely agricultural (Supporting 
Information Figure S5). The change point was estimated to occur 
at 8% [95% confidence interval (CI): 4–12%] of land cover in devel-
oped and agricultural classes. However, we saw systematic nonlinear 
patterns in how land cover aggregation and diversity varied with in-
creasing intensive use (Supporting Information Figure S6), such that 
when all landscape metrics and other covariates were included in 
the model, there was little support for a change point. Specifically, 
in the model with all covariates, the change point in the relation-
ship between the proportion of intensively-used land cover and 
synanthropic proportional abundance was estimated at a higher 
composition and lacked statistical support (52%; 95% CI: 1–63%). 
The beta regression model (i.e. without a change point) showed a 
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linear relationship could appropriately capture synanthropic pro-
portional abundance (Supporting Information Figure S7). We inter-
preted these findings to indicate that a suite of landscape metrics 
were related to the composition of intensively-used lands, and that 
the nonlinear change-point relationship between the proportion 
of intensively-used lands and the proportion of synanthropic indi-
viduals arose from joint effects of multiple landscape attributes. In 
other words, regional variation, systematic nonlinear changes in at-
tributes including aggregation and diversity, and associated effects 
on synanthropic richness, all contribute to the form of the relation-
ship between land cover composition and synanthropic proportional 
abundance.
The proportional abundance of non-native and synanthropic spe-
cies may be sensitive to species-specific associations with land cover, 
and we evaluated whether the relationship between synanthropic 
proportional abundance and the proportion of intensively-used lands 
arose due to a response of one or more particularly abundant species. 
We plotted proportional abundance against land cover composition 
for the 10 most abundant (i.e. highest total counts across the survey) 
synanthropic species (Supporting Information Figure S8) and the two 
common invasive species (Supporting Information Figure S9). The 
European starling and house sparrow both increased in proportional 
abundance with the amount of intensively-used lands (Supporting 
Information Figure S9a). However, relationships with land cover varied 
among synanthropic species and no single species showed a nonlin-
ear relationship of the form seen across all synanthropic passerines 
(Supporting Information Figure S8a). When these most-abundant spe-
cies were summed together, the community-wide pattern re-emerged 
(Supporting Information Figure S8b). This finding highlights the vari-
ability in species-specific responses and shows how proportional syn-
anthropic abundance increases despite differences in the land cover 
associations of human commensualist species.
4  | DISCUSSION
Our findings support the hypothesis that human land use pat-
terns can shape avian communities at continental scales, with the 
amount of intensively-used land cover being the most important 
landscape metric for passerine community composition. We found 
F I G U R E  3   Non-native and synanthropic birds responded differentially to habitat composition (proportion of intensive land use) and 
configuration (aggregation of intensive land use). The proportion of non-native individuals in a community increased with an increasing 
proportion of intensively-used land (a) and was positively associated with aggregation of intensively-used cover types (b). In contrast, the 
relationship between synanthropic passerines and habitat composition was strikingly nonlinear, shifting at 8% (95% confidence interval: 
4–12%) of land cover in intensive use (c), while habitat configuration had no effect on the proportional abundance of synanthropic 
individuals (d). Lines shown in (a, b) are predictions from zero-inflated beta regression; line in (c) shows the estimated change point 
relationship; no line is shown in (d) because the confidence interval on the parameter estimate included zero [Colour figure can be viewed at 
wileyonlinelibrary.com]
(a) (b)
(c) (d)
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that non-native and synanthropic species responded differently to 
the configuration of intensively-used land cover types (Figure 3), and 
that the relative abundance of both groups increased with the diver-
sity of intensively-used land cover (Figure 4). We demonstrate that 
human-associated species now dominate surveyed passerine com-
munities across the U.S. (Figure 1).
The relationship between synanthropic species and the propor-
tion of intensively-used lands was nonlinear (Figure 3c). The sharp 
increase at low levels of intensive use arose from a strong positive as-
sociation of synanthropic passerines with developed lands (Supporting 
Information Figure S5). Non-native passerines also increased in pro-
portional abundance with the amount of intensively-used land, and 
unlike synanthropic species, had higher proportional abundance in 
less fragmented landscapes (Figure 3). However, complex nonlinear 
relationships among landscape metrics (Supporting Information Figure 
S6) made it difficult to isolate the impacts of each landscape attribute. 
For example, the aggregated nature of intensive agriculture (i.e. row 
crops) in the Midwestern U.S. (Supporting Information Figure S2) 
could underlie the relationship between fragmentation and non-na-
tive proportional abundance. Nevertheless, it is clear that low levels of 
intensively-used land cover, and the associated changes in aggregation 
and diversity, can reshape avian communities by shifting composition 
towards human-associated species.
Urbanization and agriculture alter species assemblages, leading 
to the local or global loss of human-sensitive species and declines 
in functional diversity (Egli, Meyer, Scherber, Kreft, & Tscharntke, 
2018; Ibáñez-Álamo, Rubio, Benedetti, & Morelli, 2017; La Sorte et 
al., 2018). Previous work has shown that patterns of biotic homoge-
nization seen in abundance data can be more pronounced than those 
seen in occurrence data (La Sorte & McKinney, 2007). We found ef-
fects of land cover on the abundance of human-associated passerines, 
even after accounting for changes in proportional richness of non-na-
tive and synanthropic species groups (Supporting Information Figure 
S10). Our results are notable in light of recently documented declines 
in common birds, including many synanthropic species (Rosenberg et 
al., 2019). The positive association we found between the diversity of 
intensively-used cover types and the relative abundance of human-as-
sociated passerines aligns with previous studies linking agricultural in-
tensification to the decline of farmland birds in Europe, including the 
house sparrow (Hole et al., 2002) and European starling (Fuller et al., 
1995). Both species are non-native to the U.S. but native in Europe, 
where sharp declines of these and other common species have led to 
declining abundance and biomass of the entire avian community (Inger 
et al., 2015). Recent analyses point to declines in even these non-na-
tive species across the conterminous U.S. (Rosenberg et al., 2019).
Focusing on shifts in relative abundance as a bellwether of global 
change could provide insights into consequences for ecological ser-
vices and disservices, which generally arise from abundant species 
(Winfree, Fox, Williams, Reilly, & Cariveau, 2015). An exception to 
this is cultural services, such as birdwatching, which place a premium 
on rarity (Gaston et al., 2018). However, an important caveat is that 
characterizing what the proportion of synanthropic individuals would 
have been in the absence of human-induced global change is diffi-
cult. Synanthropic species are widespread and many may have been 
relatively common regardless of human activity. In addition, passer-
ine birds generally respond more positively than other avian taxa to 
urbanization (La Sorte et al., 2018). BBS routes follow roadsides and 
may overrepresent the proportion of non-native and synanthropic 
F I G U R E  4   Parameter estimates and confidence intervals (CIs) from beta regression models of the proportion of non-native and 
the proportion of synanthropic individuals. With increases in the proportion of intensively-used land cover, the diversity of intensive land 
cover types, and proportional species richness, we observed an increase in the relative abundance of both non-native and synanthropic 
passerines. Land cover aggregation was related to non-native, but not synanthropic, proportional abundance; non-native individuals 
increased as intensively-used land cover types became more aggregated. Estimates were exponentiated and are interpretable as the change 
in the ratio of proportions (i.e. non-native : native or synanthropic : non-synanthropic); vertical line corresponds to a ratio of 1 (i.e. no effect). 
Note that because the proportion of non-native individuals was lower overall than the proportion of synanthropic individuals, a similar or 
smaller coefficient estimate in the model of the proportion of synanthropic individuals (i.e. smaller proportional change) could correspond to 
a larger absolute change [Colour figure can be viewed at wileyonlinelibrary.com]
First year observer
Proportional species richness
Diversity natural cover
Diversity intensive cover
Aggregation index
Proportion intensive land use
1 1.2 1.4 1.6
Coefficient estimate ± 95% CI
Non−native
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     |  893SOFAER Et Al.
birds, a bias that could be estimated explicitly using other datasets. 
Conversely, dense urban areas are somewhat underrepresented 
along survey routes (Veech, Ziolkowski, & Pardieck, 2017), and these 
areas are likely to be dominated by human-associated, if not non-na-
tive, species. Differences in detection among avian groups could also 
bias our results and are difficult to disentangle from variation in land 
cover within survey routes. Our findings were made more conser-
vative by the inclusion of proportional non-native and synanthropic 
richness in our models, as we quantified the associations between 
proportional abundance and landscape metrics after accounting for 
any effects on proportional richness.
We observed high proportions of non-native and synanthropic 
individuals, but also considerable variation in the proportion of 
human-associated individuals among avian communities. This vari-
ation was observed both within each Bird Conservation Region 
(Supporting Information Figure S11) and for a given level of land 
cover composition and configuration (Figure 3). This finding raises 
the question of whether specific landscape attributes, species iden-
tities, or other factors can be identified that allow avian communities 
to maintain a relatively high proportion of native non-synanthropic 
individuals – or conversely, to exhibit higher vulnerability to de-
clines of species sensitive to human land use change. Future exam-
ination of these factors could guide management and conservation 
strategies aimed at maintaining and recovering native non-synan-
thropic populations, in addition to the avian community as a whole. 
Synanthropic species are important to ecological communities and 
declines in these and other common species are a major conserva-
tion concern (Rosenberg et al., 2019). Evaluating whether our find-
ings apply to other regions and to temporal trends will be important, 
as previous analyses of the reliability of space-for-time substitutions 
have been mixed (Bonthoux, Barnagaud, Goulard, & Balent, 2013; 
Flather & Sauer, 1996; La Sorte et al., 2018), and our results sug-
gest that even a small footprint of human development can alter the 
avian community. Our finding that passerine communities across the 
conterminous U.S. are dominated by species associated with humans 
provides novel insights into the diverse ways that natural communi-
ties reflect human landscape modification.
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